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(57) La presente invention se fonde sur une technique de
détection et d’echantillonnage d 1impulsions numenques
consistant a ¢chantillonner le train d’impulsions
(nucleaires) a une fréquence constante
asynchroniquement avec les mmpulsions reelles, selon
une chronologie al¢atoire. Le fait que de nombreux
¢chantillons soient disponibles pour chaque impulsion
permet d’executer dans un montage numerique compact
de nombreuses operations d’analyse de trains
d’impulsions qui faisaient traditionnellement appel a des
circutts analogiques complexes, par exemple 1)
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(57) The present mvention 1s based on a digital pulse
sampling and detection technique, which samples the
(nuclear) pulse tram at a constant {frequency
asynchronously with the actual pulses, which occur at
random times. The fact that many samples are available
for each pulse allows many pulse train analysis
operations, such as: 1) pulse integration (area
determination under pulse), 2) pulse shape
discrimination, 3) pile-up rejection and 4) time of arrival
determination (multiscaler analysis) which traditionally
were done through complex analog circuits to be done 1n
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intégration d 1mpulsions (détermination de la zone sous a compact digital arrangement. This invention deals with
I"'tmpulsion), 2) discimination de formes d’impulsion, the first 3 aspects of digital pulse train analysis.

3) rejet d’empilement et 4) determination du temps

d’armvee (analyse par €chelles multiples). L invention

touche les trois premiers aspects de 1’analyse de trains

d’1impulsions numériques.

I*I Industrie Canada  Industry Canada
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Abstract of the Disclosure

The present invention is based on a digital pulse sampling and detection technique,
which samples the (nuclear) pulse train at a constant frequency asynchronously with
5 the actual pulses, which occur at random times. The fact that many samples are
available for each pulse allows many pulse train 'analysis operations, such as: 1)
pulse integration (area determination under pulse), 2) pulse shape discrimination, 3)
pile-up rejection and 4) time of arrival determination (multiscaler analysis) which
traditionally were done through complex analog circuits to be done in a compact

10 digital arrangement. This invention deals with the first 3 aspects of digital pulse train

analysis.
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5 METHOD FOR PULSE SHAPE REGULATION AND DISCRIMINATION IN A
NUCLEAR SPECTROSCOPY SYSTEM |

Field of the Invention

10
This invention relates to a method of detection and processing of pulse
signals and in particular to the regulation and the discrimination of the pulse shape
of the signals in a nuclear spectroscopy system.
15 Background of the Invention

In nuclear spectroscopy applications, the energy of incident nuclear particles
Is measured. In many cases this measurement is accomplished by measuring the
energy deposited by the particle in a nuclear detector. The energy is from a

20 continuous pulse train that is in theory infinite in length. To obtain a signal

that represents the total energy deposited in the detector typically requires the

Integration of a current signal. In general, a compromise between the charge

Integration time and the need to process a high pulse rate has to be found.
Generally, the detection of a series of distinct pulses, at low count rate, offers very

25 few problems, therefore, conventional detection equipment may be employed.

However, sometimes the frequency or repetition rate of the pulses varies over a
wide range such that the spacing between successive pulses is sometimes very

short. Thus, the random character and high rates of occurrence of these sigrials

necessarily produce a “pile-up” or a sequence of overlapping pulses at the amplifier
30  unit. Usually, a pile-up of this sort results in a single pulse that is composed of two

or more amplified individual detected signals, each of which is indicative of a

detected gamma ray, neutron or other nuclear radiation. The pile-up phenomenon

1
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results in data losses and/or spectrum distortion. Accordingly, it is of importance,
first to distinguish individual pulses from pile-up pulses and second when pile-up
pulses have been detected, to adequately process these pulses in order to restore
the original distinct pulses, or at least to reject pulses which are the result of pile up

and do not represent the energy deposited by a single particle in a nuclear detector

These pulses are analyzed using a nuclear Spectrum analyzer or pulse height
analyzer. A nuclear spectrum analyzer may include a scintillation detector, a
photomultiplier, a coupler (usually a capacitor), a preamplifier, a pulse shaping unit
and a puise height analyzer. Known pulse height analyzers comprise successively a
pulse detector (optionally a pile-up detector and a pile-up process unit), an analog-
to-digital converter (ADC) and a memory, the different channels of which correspond
to a given amplitude level of the detected pulse: the pulse height analyzer may also
comprise, upstream of the ADC, an input gate preventing pulses from reaching the

ADC when the latter is busy, i.e. when the ADC is processing a detected pulse.

As previously stated, if two pulses arrive within the same Integration intérval,
a biased “sum’” puise (pile-up) will be generated. This ptle-up results not only in
spectral distortion but in the failure to detect one of the pulses. Pulse shape can
also affect the detection of pile-ups. Therefore, a compromise between integration
time and count rate capability is made by a pulse shaping device which precedes the
digitization of the pulse and its accumulation in the spectrum (memory). New high
speed electronics provides high throughput nuclear sSpectroscopy acquisition.
However, such systems are more sensitive to changes in the puise shape and
require that the shape of the electronic signal remain unchanged over a large range
of operating conditions. The main factor which can influence the shape of the puise
s the change of the characteristics of electronic components and nuclear sensors -

over time and/or with temperature.

One approach to spectral analysis is a digital integration technique described

in U.S. Patent No. 5,067,090, issued to Bronislaw Seeman. In this nuclear

spectroscopy technique, pulse height analysis is performed for a pulse with an

2
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amplitude that is a measure of the energy of particles, such as gamma rays,
collected by said radiation detector by (1) continuously (asynchronously) converting
the detected signal to digital samples at a given rate; and (2) processing each of the
digital samples so as to form a digital image of each detected nuclear event. This
method includes the step of detecting the arrival of a pulse. by comparing each
Incoming sample to a threshold value. so as to determine whether the sample is
representative of a puise. More specifically, the difference between the incoming
sample value and the base signal which is free of nuclear events, is calculated and
compared to the threshold. The time of arrival of any detected pulse is recorded.
Moreover, the base signal value (baseline) is continuously estimated and updated at
each sample time arrival, so as to generate a current base signal value: preferably,
the updated value is a weighted average of the incoming sample with the preceding

sample or samples. Once a pulse has been detected, the energy of said pulse is

preset value and said register is reset in case of overflow. Advantageously, for each
pulse, the sample just preceding the first sample representative of the pulse, as

well as the sample just following the last sample representative of the puise, are

both taken into account for said pulse energy calculation.

Seeman further includes the step of detecting a stack of successive pulses
close one to the other in time. The detection step involves counting the number of
samples representative of a detected nuclear event and comparing the count to a

predetermined maximum count vaiue. The sampling step can be performed by a

flash analog-to-digital converter (ADC).

The digital integrati'on technique in Seeman, which in essence computes the
area under the pulse,is sensitive to the shape of the pulse. The pulse shape is
influenced by changes in electronic Components with temperature or age as well as

by changes in the pulse response of the nuclear detector. Most scintillation




CA 02214231 2000-02-25
- 71511-73

detectors will emit a much more rapid pulse at elevated temperature than at room
temperature.

5 Patent 5,132,540 issued to R. Adolph and B. A. Roscoe. This method regulates the

pulse shape by keeping track of the number of pile-up pulses in a given relationship
and comparing that number to the total number of counts. This method has the

disadvantage of being slow and unreliable at low count rates, where the totali
number of pile-up pulses is very small.

10

Other applications in nuclear measurements require discrimination between
interactions by distinguishing the shape of the pulse from the nuclear sensor. At the
present time, most pulse shape discrimination relies on complex and often unstable
analog circuits. Unfortunately, the use of these techniques requires substantial

15 expertise. A need still remains for a simple method that can distinguish between

pulses of various lengths and pile-up pulses.

Summary of the Invention

20 One object of this invention is to develop a method that will regulate
the shape of a pulse in a nuclear Spectroscopy system.

A second object of this invention is to develop a method that will distinguish
between regular pulses and pile-ups.

Another object of this invention is to provide a method that will analyze signal
25 pulse shapes at high speed and with high accuracy.

The present invention is based on a digital sampling technique which samples

the nuclear pulse train of a signal at a constant rate. The fact that many samples

pulse integration (area determination under pulse), 2) pulse shape discrimination, 3)
30  pile-up rejection and 4) time of arrival determination (multiscaler analysis) which

traditionally were done through complex analog and digital circuits to be done in a
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compact digital arrangement. This invention addresses the first 3 aspects of digital

pulse train analysis.

Digital sampling and integration is a modern method of acquiring nuclear
spectroscopy data. The technique’s main advantage is very high speed and the
elimination of the traditional sample and hold circuits in nuclear analog-to-digital
converters (ADCs). Fig. 1 shows the basic principle of the digital integrator. The
signal from the detector is sampled asynchronously at a given sampling frequency.
The pulse detection logic is triggered, when a pulse passes a predetermined digital
threshold. One possible implementation of the approach adds all the samples
above the threshold, plus the first sample preceding and the first sample following
the pulse. Pulses which have more than a preset number of samples (e.g. 6) above
the threshold are rejected and counted as pile-ups. Pulse shape compensation
(extending or shortening of the pulse) is also implemented based on the number of

samples detected during a pulse.

Pile-up rejection is based on a concept similar to U. S. Patent 5, 067,090,
which uses pulse shape discrimination to distinguish between regular pulses and
pile-up pulses. In this method, regular pulses have 2 to 6 samples above the
threshold level. Any pulse with more than 6 samples above the threshold is
considered to be a pile-up pulse. In the present invention. the above method IS
extended by using algorithms involving other information. The algorithms of the
present invention can accomplish tasks such as: 1) making the pulse length
mdlcatlng a plle-up a function of the puise amplitude, 2) tying the plle-up rejection
threshold (number of samples above threshold) to the pulse peak amplitude, 3)
using the time from threshold to peak to determine the presence of a pulse, 4) using
a generalized approach which assumes that for a given pulse the value of a sample
is related to the values of the previous samples in a predetermined manner and 5)
using a combination of the above-listed tasks. The present invention provides an
improved method of processing pulses and a direct method for pulse shape
regulation. The present invention also has the capability to distinguish signals

created by neutrons and (unwanted) gamma rays (pulse shape discrimination) or
5
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other tasks 1in nuclear spectroscopy which require
distinguishing different pulse shapes. The neutron and gamma
ray signals differ from each other in the shape of the pulse
emitted by the detector. The ratio between the amplitudes of
two components depends on the ionization density of the
particles in the scintillation material. In a digital
approach, the signals can therefore be distinguished by looking
at the ratio of the maximum pulse voltage and the voltage at a

later point in time.

In accordance with the present invention, there is
provided a method for analyzing the shape of electrical pulses
contained in a pulse train, said pulses being representative of
the interaction of nuclear particles or gamma rays with a
nuclear detector, comprising the steps of: a) detecting said
particles or gamma rays and forming a signal containing pulses
representative of said particles or gamma rays; b) sampling the
pulses from step (a) at a constant frequency to form a digital
image of the pulse train; c) measuring the pulse length by
counting the number of consecutive samples above a
predetermined threshold level; d) computing the average number
of samples above the threshold level; and e) comparing the
average number of samples to a predetermined number and
adjusting the pulse length based on a comparison between the

measured pulse length and a desired pulse length.

In accordance with the present invention, there is
further provided a method for analyzing the shape of electrical
pulses representative of the interaction of nuclear particles
or gamma rays with a nuclear detector, comprising the steps of:
a) detecting said particles or gamma rays and forming a signal
containing pulses representative of said particles or gamma
rays; b) sampling the pulses from step (a) at a constant
frequency forming a digital image of the signal; and c)

determining the pulse amplitude from the largest sample in a
6
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set of consecutive samples above a predetermined threshold,
wherein the number of consecutive samples above threshold which
form a valid pulse is a function of the determined pulse
amplitude, and wherein the threshold for a valid pulse is
adjusted to equal a predetermined fraction of the pulse

amplitude.

Brief Description of the Drawings

FIG. 1 1s an 1llustration of a sampled pulse.

FIG. 2 is a diagram of the density logging tool

implemented in the present invention.

FIG. 3a 1s an 1llustration of a sampled pulse that is

under-compensated.

FIG. 3b 1s an i1llustration of a sampled pulse that

has the correct and desired shape.

FIG. 3c 1s an 1llustration of a sampled pulse that is

over-compensated.

FIG. 4 1s a flow diagram of the algorithm that

regulates a pulse shape.

FIG. 5 shows an example of the regulation ratio for
low count rates (RR) as a function of count rate for a constant

setting of the pulse shape compensation.

FIG. 6 1s an illustration of the pulse length

indicating pile-up as a function of the pulse amplitude.

FIG. 7 is an illustration of the invention of tying

the pile-up rejection threshold to the pulse peak amplitude.

6a
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FIG. 8 is an illustration of the invention using the time from threshold to peak to

determine the presence of a pulse.

FIG. 9a is an illustration of the invention in which for a given pulse shape the value

of a sample is related to the values of the previous samples.

FIG. 9b is a flow diagram of the invention in which fdr a given pulse shape the value

of a sample is related to the values of the preVious samples.

FIG. 10 shows a flow diagram of a general approach pile-up rejection based on

pulse shape discrimination.

FIG. 11 shows three responses for pulse shape discrimination in neutron

spectroscopy with liquid scintillators.

Description of the Preferred Embodiment

The present invention provides a high speed method to perform pulse shape
analysis of signals detected by a tool such as the density logging tool described in
FIG.2. This tool contains a gamma ray source 10, a near-spaced gamma ray
detector ND, an intermediate-spaced gamma ray detector MD and a far-spaced
gamma ray detector FD. The three gamma ray detectors are of attenuation type,
which in the art means that they are all located sufficiently far (more than the mean
free path length of gamma rays from the source to the detector, which generally is
about five centimeters) from the gamma ray sourcé that the count rates decrease as
the densities of the formaticjn and mudcake materials adjacent to them increase.
The detectors ND, MD, and FD are located respectively at successively greater
distances from the source 10. The source 10 may be any suitable source of gamma

rays such as Cesium 137. A high density shielding material 11 such as tungsten
surrounds the detectors. Signal analyzers, NA, MA and FA are located above the

detectors. Each analyzer analyzes the signal from the corresponding detector.

7
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Referring to FIG. 1, samples 16 from signal 15 are asynchronously taken
during each pulse at predetermined sampling frequency. Since the signal is
sampled asynchronously steps need to be taken to detect the occurrence of a pulse
from the nuclear detector and to assure that the pulse is neither due to electronic or
detector noise nor a pile up of two or more pulses occurring within a short time
interval. The presence of a pulse is assumed if the sampled signal is above a
predetermined (digital) threshold level 17 and remains above this threshold for 2 or

more consecutive samples. If more than 6 consecutive samples remain above

threshold the pulse is considered a pile up.

The above-described method of pulse detection and discrimination works for

can change are the change in electronic components with time and temperature and
even more importantly the changes in the characteristics of the detectors. For
example, a Nal scintillation crystal emits light with a certain decay time. At room
temperature, approximately 21°C (70°F) this time constant is about 240 Ns. With
Increasing temperature, the constant gets shorter. This decrease will lead to a
shorter, “over-compensated” pulse. FIG. 3 shows the various shapes of pulses. In
FIG. 3a, the pulse is too long because the pulse is under-compensated. In FIG. 3b.
the pulse has been compensated such that the pulse has the desired shape as
shown in FIG.1. FIG. 3c shows a pulse that is too short (over-compensated). The
pulse shapes in figures 3a and 3c must be adjusted to obtain a correct shape. This

correction can be achieved by adjusting the puise shaping filter in the pulse shaping

amplifier.
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Pulse Shape Compensation Based on Pulse Length

A pulse shape can be compensated based on the pulse length. For a given
pulse height, in the absence of noise, the number of samples above threshold is
almost constant. There is a little bit of jitter due to the asynchronous nature of the
sampling process. Howe\}er, if noise is superimposed on the pulse, the scatter on
the pulse length becomes larger. This result means that even for constant pulse
shape there will be pulses with different observed lengths. However, the average
number of samples above threshold for a given pulse height is an excelient measure
of the pulse length. The average pulse length can then be used in a regulation loop
to keep the pulse shape constant. In addition, it is possible to perform the length
measurement on a range of pulse amplitudes (instead of on a single amplitude) to

increase the amount of dithering and to gain counting statistics.

FIG. 4 shows a flow diagram of the pulse length compensation method. In
this flow diagram, spectral data is acquired from the detected signal 20. Block 21
samples this signal and counts the number of samples to determine the number of
consecutive sample amplitudes that are above a predetermined threshold amplitude.
The number of five sample puises and the number of six sample pulses are
determined. Block 22 determines the ratio of the number of five sample pulses to six
sample pulses. In Block 23, the determined ratio is compared to a previously
determined Regulation ratio. If the ratio of five sample pulses to six sample pulses
24 1s greater than the Regulation Ratio, then the pulses should be lengthened 25. If
the ratio of five sample pulses to six sample pulses 24 is not greater than the
Regulation ratio, then the pulses length is shortened 26. After the pulse is
shortened or lengthened, the buffers 27 are cleared and the method repeated by

acquiring data.

Referring to step 23, the regulation ratio (RR) can be determined
experimentally or through theoretical considerations and simulation. In the present

Invention, the regulation ratio is not necessarily a constant but a function of the total
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long pulses increases. For constant pulse shape this
reduces the regulation ratio. The

becomes more a function of count rate (and to a much lesser extent of spectral

10 shape). In a sample case the regulation ratio then becomes:

RR =RR, + ¢ * TCR

where TCR is the total count rate, RR, the regulation ratio for low count rate

S,Ccisa
constant and RR is the count rate corrected regulation

ratio. FIG. 5 shows an
example of the ratio RR as a function of count rate for a constant setting of the pulse

shape compensation. In FIG. O, the vertical axis

15

is the regulation ratio and the

horizontal axis is the tota] sample count rate. The regulation ratio curve is shown as

28,and 50 are actual measurements It shows that for this Case, the reguilation ratio

IS a linear function of count rate.
20

Pulse Shape Discrimination

10
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As previously stated. the digital integrator application described in U S Patent

5,067,090 uses a pulse shape discrimination technique to distinguish between

> regular pulses and pile-up pulses. The simple concept of this discrimination

technique is as follows:

One application, shown in FIG. 6, makes the pulse length indicating a pile-up

a function of the pulse amplitude. In this embodiment, the number of samples

required for determining puise Dile-

FIG. 7 shows the resuits of a technique that ties the pile-

up rejection
threshold to the puise peak amplitude. In

this embodiment, the threshold level for
detecting pulse samples is directly proportional to the amplitude of that pulse.

Implementation the pulse is initially detected using a predetermined threshold.

However once the pulse amplitude is determined the threshold is reset to a fraction

30  of the detected amplitude. This insures proper pile up rejection for smailer pulses.

In FIG. 7 the threshold 34 belongs to the pulse amplitude 36. For a pulse with half
this amplitude the threshold would be reduced to be at a lower leve| 35 The lower

11
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level 35 may have to be limited to avoid erroneous rejection due to noise. This
requires that several samples preceding the pulse detection (threshold crossing) be

memorized so the pulse train can be reanalyzed with the new threshold.

In another embodiment of the present invention, the time from the threshold
to the peak value is used to determine the presence of a single pulse. Pile up will
often result in a longer time to reach the peak of the pulse. Pile up rejection can
then be based also on detection of pulses with too long a time-to-peak. FIG 8.
shows two pulses, one with the correct shape 38 and a second one 37 having
Incorrect puise shape. The time to peak can be measured in different ways:

1. The order of the sample having the largest amplitude can be determined. This is
a very coarse measurement of the time to peak,
2. The centroid of the peak can be determined:

centroid = (sum(H*i)/n |
where i is the number of the sample above threshold, H the height of the sample and
n is the total number of samples above threshold. In a different implementation a
predetermined number of samples before and after the threshold could be included
in the threshold computation. Pulses which have a centroid within a predetermined
range are accepted and their area and/or their time-to-peak is stofed in a histogram.
Other pulses are rejected and their area and or time-to-peak can be stored in a
separate histogram. The average time-to-peak can be used to regulate the pulse

shape.

FIG. 9a and FIG. 9b show a more general approach to pulse shape
discrimination. In this approach the samples in a pulse are continuously compared
to the value predicted from the preceding sample or samples. In the implementation
a first sample above threshold is detected. The range of permissible values of the
second sample is now predicted. The second sample is compared to the prediction.
If the sample is not within the predicted range it is flagged (pile up). This process is
repeated until one sample falls below t the threshold. If any sample was outside of

the predicted range the pulse is flagged as a pile up. Depending on the type of the

12
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puise the “normal” or the “pile up” histogram is incremented. In some applications it

will be sufficient to just count the pile ups without storing them in a histogram.

A more sophisticated approach to pulse shape discrimination is shown in Fig.

10 In this case pulses are distinguished based on a variety of cornditions

and sorted accordingly. This allows distinction between pulse shapes
characteristic of different events in a nuclear particle detector.

In yet a different implementation the acquired pulse shape is cbmpared to a
predetermined shape. This can be achieved by normalizihg the areas of the two
pulses before comparing them. The pulses are in agreement if the mean deviation,
mean square deviation or another suitable measure are within predetermined limits.
A more sophisticated analysis can be done by forming the cross-correlation between

the predetermined pulse shape and the measured shape. Use of a plurality of pulse

shapes will allow the discrimination between muiltipie pulse shapes for the purpose of

pile up rejection and/or pulse shape discrimination.

Puise Shape Discrimination to Distinguish Nuclear Signals

In neutron detection using liquid scintillators, it is often necessary to
distinguish between signals created by neutrons and unwanted signais created by
gamma-rays. The signals differ from each other in the shape of the puise emitted by
the detector. FIG. 11 shows schematically three measurements,Alpha particles 46,
Fast neutrons (protons) 47 and Gamma rays 48 , the vertical axis being the light
emissions and the horizontal axis being time. All three pulses consist of at least two
components. The ratio between the amplitudes of the two cdmponents depends on
the ionization density of th.é particles in the scintillation material. In 3 digital
approach, the signals can therefore be distinguished by looking at the ratio of the
maximum pulse voltage and the voltage at a later time (e.g. after 300 Ns). At the
same time a proper integration of the pulse, collecting most of the light, is possible
without affecting the discrimination between neutrons and gamma-rays or alpha

particles.
13
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‘Although the apparatus and method of the present invention were described
In terms of a specific tool, the concepts in this invention apply to many other logging
tools such as neutron porosity tools, carbon/oxygen tools and many non-nuclear

tools, as well. The apparatus and method of this invention provide significant

advantages over the current art. The invention has been described in connection
with its preferred embodiments. However, it is not limited thereto. Changes,
variations and modifications to the basic design may be made without departing from
the inventive concepts in this invention. In addition, these changes, variations and
modifications would be obvious to those skilled in the art having the benefit of the
foregoing

teachings. All such changes, variations and modifications are intended to be within

the scope of the invention which is limited only by the following claims.

14
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CLAIMS:

1. A method for analyzing the shape of electrical pulses
contained 1n a pulse train, said pulses being representative of
the interaction of nuclear particles or gamma rays with a

nuclear detector, comprising the steps of:

a) detecting said particles or gamma rays and forming a

signal contalning pulses representative of said particles or

gamma rays;

b) sampling the pulses from step (a) at a constant

frequency to form a digital image of the pulse train;

C) measuring the pulse length by counting the number of

consecutive samples above a predetermined threshold level:;

d) computing the average number of samples above the

threshold level:; and

e) comparing the average number of samples to a
predetermined number and adjusting the pulse length based on a

comparison between the measured pulse length and a desired

pulse length.

2. The method of claim 1 further comprising the step of

counting the number of pulses to determine the total pulse

count rate.

3. The method of claim 2 wherein the desired pulse

length 1s a function of the total pulse count rate.

4, A method for analyzing the shape of electrical pulses
representative of the interaction of nuclear particles or gamma

rays with a nuclear detector, comprising the steps of:

15
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a) detecting said particles or gamma rays and forming a

signal containing pulses representative of said particles or

gamma rays;

b) sampling the pulses from step (a) at a constant

frequency forming a digital image of the signal; and

C) determining the pulse amplitude from the largest
sample in a set of consecutive samples above a predetermined
threshold, wherein the number of consecutive samples above
threshold which form a valid pulse is a function of the
determined pulse amplitude, and wherein the threshold for a

valid pulse is adjusted to equal a predetermined fraction of

the pulse amplitude.

5. The method of claim 4 where the adjusted threshold is
greater than or equal to a predetermined minimum threshold
level.

6. The method of claim 5 wherein the number of

consecutive samples above the adjusted threshold is counted.

7. The method of claim 6 further comprising the step of
rejecting pulses with more than a predetermined number of
samples having amplitudes above said threshold amplitude as

being pile up pulses.

8. The method of claim 7 further comprising the step of
determining an entire area under the pulse, said pulse area
being the sum of all consecutive samples above the threshold

plus a predetermined number of samples preceding and following

the threshold.

9. The method of claim 6 further comprising the step of

determining an entire area under the pulse, said area being the

16
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sum of all consecutive samples above the adjusted threshold

plus a predetermined number of samples preceding and following
the threshold.

SMART & BIGGAR
OTTAWA, CANADA

PATENT AGENTS

17




LIGHT EMISSIONS —

CA 02214231 2000-02-25

1/7

FIG.1
| .
Ly
Q)
~
= | 16
s N
X / [ [
TIME —o
FIG. 1]
10000 — — ;
1000
100 i
,0 ' r a : I R | i
0 00 200 300 400 500 600 700

TIME (ns) —=

46

47

48




-02-25
CA 02214231 2000-02-2

2/7
FIG.2
(PRIOR ART) I
T AMPLITUDE
| ]
ii FIG. 3a
| A
I
Al
l \
| I
| I |
MA i
i /\ | AMPLITUDE |
l l
i L NA
I e
2]
sl
e
FD giﬁ
i
MD —1 [
gy
e
/l; “’ I
ND ?-1\4 AMPLITUDE
Z ]
. Y [IME —

FIG. 3¢




CA 02214231 2000-02-25

3/7

FIG. 4

, -
I CLEAR BUFFER ' - ACQUIRE DATA CLEAR BUFFER I

27 27

DETERMINE NUMBER
OF 5 AND 6 SAMPLE | 51
PULSES

\DETERMINE RATIO: | o
5- SAMPLE/6-SAMPLE

| COMPARE TO DESIRED | >3
REGULATION RATIO (RR)

l SHORTEN PULSE I— RATIO >RR —l ’
NO ; Ve LENGTHEN PULSE

26 24 25
1.8 -
1.6 4
r o 28 |
S 4]
l.\ .
& e
Z - 20
L 12— ¢ 3L H—
b~ ®
&
= S
QY
§ 1.0 s :
FIG.5
08
0 2000 6000 10000

COUNT RATE —




CA 02214231 1997-08-29

4/ 7
29
L f
| 30
3]
29a
ng FIG.7
| | | 36
34
- ~ 35
y _______________ o
29a
29
L FIG.8
g \\\
/// \\\ >
\ 38
L /// N
_ J/ | \\\\ 29a




08-29

02214231 1997 -

CA

P6 OIS

WIS

@ ®
N

ad qol STHHL @

JUNLI'IdWY
F1dWVS




02214231 1997-08-29

CA

(FdAL 'WNS)
357Nd
(9) | ¥3LsI03

TVWHON
>34 | =344

UNV

JONVY
ON | NIHLIM

F1dWVYS

ON

INMNOJ

- 'WNS)Y
= JONVY

FLNdW0OI >

| TT0HS F4H.L

<
J1dWVS

INO
139

| FIdWYS | [TYWHON =FdAL

0=1INNQOI
0= NWNS




02214231 1997-08-29

CA

457Nd
&FLS193Y

(INNOJ 'WNS) uy
(Z3dAl  |FY3dALIFONVY
o _ W ‘. | - (14VLS
FINVE|_ | vnoowns) 2y -
ZdALIISTA| FTINWYS 4 ma@mozqm
(LNNOO'WNS) 1
=(1 FAL)FONYVY
(1 3dAL) FLNdWOD
ON | 39NV | |
NIHLIM 010/

=IdALD| STA| T TN )




20

A\ N
CLEAR BUFFER l*-—"* ACQUIRE DATA |=— CLEAR BUFFER I
27 27

DETERMINE NUMBER
OF 5 AND 6 SAMPLE | 7
PULSES

DETERMINE RATIO: | 5,
5- SAMPLE/6-SAMPLE

COMPARE TO DESIRED | 55
REGULATION RATIO (RR)

e ——. v

RATIO > RR
?

SHORTEN PULSE ’«-—~ LENGTHEN PULSﬂ

NO
J T
26 24 25




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - abstract drawing

